Objectives: Around 5-15% of patients undergoing coronary artery bypass grafting (CABG) suffer from preoperative/pre-existing atrial fibrillation (PAF). This is a benign arrhythmia but can affect the outcome of the surgery. The aim of this study was to assess the effect of PAF on the immediate postoperative course of patients undergoing on-pump (ONCAB) vs. off-pump (OPCAB) CABG. Methods: Over a 10-year period, data were prospectively entered into the database of our institution. A total of 10,461 patients underwent CABG, of whom 477 (4.6%) were in PAF. We analyzed these patients in two separate groups: group A (n=310) who underwent ONCAB and group B (n=167) who underwent OPCAB. After 4:1 propensity matching and adjusting for the preoperative and operative characteristics of these two groups with patients in SR (sinus rhythm), early, mid-and long-term outcomes of PAF patients were analyzed. Results: After adjusting for preoperative characteristics, postoperative complications were significantly higher in patients who had ONCAB when there was PAF compared to those in SR (P<0.001). In the OPCAB patients, on the other hand, there was no statistically significant difference in the postoperative complications between the patients with preoperative SR or PAF. In-hospital and short-term mortality were no different in the PAF group undergoing OPCAB compared to those in SR; however, the mid-and long-term survival rates in PAF patients who underwent OPCAB/ONCAB were worse compared than was seen in SR. Conclusions: PAF is associated with a higher incidence of postoperative complications. Our results have demonstrated that patients in PAF undergoing ONCAB are more susceptible to the postoperative complications compared to those in SR. However, there were no differences in mid-and long-term outcomes.
Introduction
Atrial fibrillation (AF) is a common arrhythmia that is associated with cardiac problems such as ischemia and valvular heart disease. Patients with ventricular dysfunction also demonstrate a higher incidence of AF [1] . AF not only increases the risk of developing cerebrovascular events, but can also increase mortality in the long-term as a result of tachycardia-induced cardiomyopathy [2] . Its incidence increases with age, and due to an older population requiring coronary artery bypass grafting (CABG), the incidence of preoperative AF (PAF) has risen to a reported 5-22% [3] . Several studies have confirmed that PAF negatively affects postoperative outcome as well as the long-term survival rate in patients undergoing CABG [4] [5] [6] . It has also been shown to be a negative predictor of outcome and survival rate after other cardiac procedures, such as aortic and mitral valve surgery [7] [8] [9] . Despite a 10% improvement in the survival in patients with PAF undergoing CABG, patients with PAF undergoing off-pump CABG (OPCAB) have been shown to have a worse prognosis than those in SR (sinus rhythm) [9, 10] . The exact mechanism of how AF affects the outcome after cardiac surgery is unknown. It is possible that AF is a marker of advanced heart disease or that it may result in advanced heart disease, in both instances affecting survival. Therefore, inadequate myocardial protection and the type of procedure in these patients have an influence on the cardiac muscle that already suffers from AF. The aim of this study was to compare the postoperative outcome and early, mid-and long-term survival of patients in PAF with those in SR undergoing off-pump CABG (ONCAB) or OPCAB.
Methods

Patients
For a 10-year period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , data were prospectively entered into the database of our institution; a total of 10,461 patients undergoing CABG were included; 9984 (95.4%) patients were in SR preoperatively, and 477 (4.6%)  Presented at the 60th International Congress of the European Society for Cardiovascular and Endovascular Surgery, Moscow, Russia, May 20-22, 2011. were in PAF. Those with other types of arrhythmia and patients in preoperative SR who then developed postoperative AF were excluded. We analyzed patients with PAF in two separate groups: group A (n=310) who underwent ONCAB, and group B (n=167) who underwent OPCAB. Each group was then compared with patients in SR who underwent ONCAB/OPCAB (Table 1) .
Statistics
All statistical analysis was performed retrospectively using SAS (SAS Institute Inc., Cary, NC, USA) for Windows Version 8.2. Continuous variables not normally distributed are shown as medians with 25th and 75th percentiles. Categorical data are shown as percentages. Univariate comparisons were made with Wilcoxon rank sum tests and χ 2 -tests as appropriate. Deaths occurring over time were described using Kaplan-Meier survival curves [11] , and results were demonstrated for five and 10 years.
To account for differences in the case-mix, we developed a propensity score for PAF group membership [12] . The propensity for PAF group membership was determined without regard to outcome, using multivariable logistic regression analysis [13] . A full non-parsimonious model was developed that included all the variables listed in Table 1 . The goal was to balance patient characteristics by incorporating everything recorded that might relate to either systematic bias. We then used a macro (available at: http://www2. sas.com/proceedings/sugi29/165-29.pdf) to perform a 1:4 propensity matching for each group (A and B) in PAF with patients in SR. As a result, in the ONCAB group 294 PAF patients were compared with 1176 patients in SR, and in the OPCAB group 163 patients in PAF were compared with 652 patients in SR (Table 1) . In all cases a P-value <0.05 was considered significant.
Results
Preoperative characteristics
Before adjusting for the preoperative characteristics, patients in PAF were older in both groups, A and B, than the patients in SR (P<0.001). A history of diabetes, respiratory disease, stroke and renal impairment was also significantly more frequent in the PAF group compared to those in SR. PAF patients undergoing ONCAB or OPCAB had worse left ventricular dysfunction than patients in SR. The logistic EuroSCORE was also higher (>5) in both groups A and B compared to those in SR (2.5), which was statistically significant (P<0.001). After a 1:4 matching for the preoperative characteristics, each group (A and B) was compared to patients in SR with similar preoperative characteristics undergoing ONCAB or OPCAB (Tables 1 and 2 ).
Postoperative outcome
Before adjusting for the preoperative characteristics, worse postoperative outcome in terms of the use of inotropic support, intra-aortic balloon pump (IABP), ventilation time, and renal failure were observed to be significantly higher in those with PAF than those in SR in both categories. After propensity matching, the difference in the outcome was similar in patients undergoing ONCAB; in the OPCAB category, however, this difference became statistically insignificant. The incidence of permanent stroke was also higher in the PAF patients compared to those in SR undergoing ONCAB, but in the ONCAP group no difference was seen between PAF and SR patients in terms of stroke rate (Tables 3 and 4) .
Hospital stay and in-hospital mortality
In the ONCAB group, patients with PAF had a longer stay in the intensive care unit (ICU) and in the hospital compared to those in SR, both before and after adjusting for the preoperative characteristics. The patients with PAF in the OPCAB group also showed a longer hospital stay before and after propensity matching compared to those in SR. However, ICU stay in patients with AF undergoing OPCAB did not show any difference from SR patients (P=0.32).
In-hospital mortality was higher in the PAF group undergoing ONCAB compared to the patients in SR, both before and after risk adjustment. In the OPCAB group, on the other hand, the mortality rate was 1.4% in the SR patients and 3.0% in the PAF, patients with no significant difference between the groups before and after adjusting for the preoperative characteristics (Tables 3 and 4) .
Early, mid-and long-term mortality
Patients with PAF undergoing ONCAB/OPCAB showed a higher incidence of mortality rate at 30 days, five years and 10 years compared to those in SR before adjusting for the groups (P<0.001). After propensity matching, there was no difference in 30-day mortality between the patients with PAF and SR in either of the groups, ONCAB or OPCAB (Tables 3 and 4 ).
Discussion
PAF is associated with an increased incidence of complications after cardiac surgery. Several studies have demonstrated that PAF is an independent risk factor for early and late mortality after cardiac operations [2, 5, 9, [14] [15] [16] . The reasons associated with a worse outcome and the reduction in survival rate after cardiac surgery in these patients remain unclear. A high incidence of hemorrhagic/thromboembolic events may be one of the contributing factors in reducing the survival rate [14] , but PAF has not been identified as the predictor of early postoperative cerebrovascular events [10] . Furthermore, tachyarrhythmia-associated cardiomyopathy may be another factor contributing to decreased survival rate in these patients [17, 18] . It has also been suggested that AF is a surrogate of an underlying cardiac condition that affects the outcome [19] .
Despite several studies on the effect of PAF on outcome after cardiac surgery, the role of cardiopulmonary bypass (CPB) in patients with PAF has never been investigated. We reviewed and compared the outcome of patients in SR and PAF undergoing ONCAB or OPCAB. In the group who underwent ONCAB, being in PAF negatively affected the outcome postoperatively. This difference remained significant even after adjusting for the preoperative characteristics between the PAF and SR patients. The use of inotropic support and IABP and ventilation time were all significantly higher in the PAF group undergoing ONCAB compared to those in SR. On the other hand, in the OPCAB group, despite the higher rate of requirement for inotropic and IABP support in patients with PAF compared to those in SR, the difference was statistically insignificant when matched for the preoperative characteristics of the patients. Similarly, in the OPCAB group, no difference between the PAF and SR patients was observed with regard to complications, such as myocardial infarction, renal failure and stroke. When comparing patients in PAF with those in SR undergoing OPCAB, no difference was identified between the in-hospital and early mortality rates. However, the five-and 10-year survival rate remained significantly worse in patients with PAF compared to those in SR undergoing ONCAB or OPCAB. These findings suggest that patients undergoing CABG with PAF have a shorter life expectancy compared to those in SR, with or without the effect of CPB. However, in the PAF patients undergoing OPCAB, the incidence of postoperative complications and the mortality within 30 days of CABG was similar with the patients in SR.
Except for the reduced ventilation time, less inotropic/ IABP requirement, shorter ICU and hospital stay, other benefits of OPCAB over ONCAB remain debatable. Our results suggested that, in the short-term, the negative effect of CPB in patients with PAF is more apparent. Despite maintaining acceptable perfusion pressures during CPB, generalized hypoperfusion is the main factor associated with complications after cardiac surgery [20] . In patients with PAF, the relatively lower cardiac output in the immediate postoperative period compared to patients in SR might influence the rate of complications following cardiac surgery. This, in addition, to the effects of CPB, can further increase the rate of postoperative complications demonstrated in our study. On the other hand, a few weeks after cardiac surgery and when the effect of CPB is over or negligible, the difference in outcome with PAF and SR is no longer influenced by the type of the procedure, and AF becomes an independent risk factor of the mid-and long-term mortality.
This study is the first to assess and compare the effects of CPB in patients with PAF against those in SR. The aim of this study was not to compare the patients with PAF undergoing off-or on-pump surgery, but to compare these patients with those in SR. Therefore, in this study, we have not directly compared the two groups of PAF patients undergoing ONCAB or OPCAB with each other as the use of CPB can influence the outcome and the groups cannot be fully matched. In both categories, patients in PAF had more co-morbidities preoperatively compared to those in SR and showed worse postoperative outcome in patients with PAF undergoing ONCAB or OPCAB; however, after risk adjustment, the outcome of PAF patients in the OPCAB category was observed to be similar to that of patients in SR. The main limitation of this study is that this is a retrospective review. However, matching for the preoperative characteristics decreases the selection bias.
Conclusions
In conclusion, we believe that in patients with chronic AF requiring CABG, OPCAB should be the procedure of choice. However, randomized control trials are required to establish whether OPCAB is really a better option for patients who suffer from PAF.
